Summary Preschool children in developing countries are likely to have multiple, concurrent micronutrient deficiencies. This study was designed to evaluate the effectiveness of different combinations of nutritional fortified diet to improve the blood levels of iron, vitamin A and other essential micronutrients in the preschool population of Banan District of Chongqing, China. From December 2005 to June 2006, a total of 226 2-6 y old preschool children were recruited from three nurseries in the area, and they were randomly assigned to three different fortified diet groups for 6 mo. Group I was fortified with vitamin A; groups II and III were fortified with vitamin A plus iron and vitamin A plus iron, thiamine, riboflavin, folic acid, niacinamide, zinc and calcium, respectively. Subjects' weight and height were measured for assessing the children's growth and development. Blood samples were taken at the beginning and the end of the 6-mo study period for measuring serum levels of micronutrients. Group III with the multiple micronutrient fortified diet was the most effective to improve the serum level of retinol from L and 125.1 (119.8, 131.6) g/L over the 6 mo of intervention period, but there were no difference among the three groups ( p Ͼ 0.05). Nevertheless, unexpected results were obtained when comparing the effects on growth status among the different supplement groups. Our study has demonstrated that a multiple micronutrient fortified diet for 6 mo is more effective to improve the levels of hemoglobin, serum retinol, and RBP as well as to facilitate the mobilization of iron storage in preschool children.
In developing countries, children represent a vulnerable population who may suffer from multiple micronutrient deficiencies, such as iron, vitamin A, and iodine. Thus far iodine deficiency has been effectively controlled. However, iron deficient disease (IDD) and vitamin A deficiency (VAD) remain serious public health problems. Micronutrient deficiencies can have adverse health consequences, such as impairments in growth, neurobehavioral dysfunctions, and defective immunity, leading to increases in morbidity and mortality ( 1 ) . Preschool children are likely to have multiple, concurrent deficiencies, because the same causative factors are responsible for the insufficiency of more than one essential micronutrients. Moreover, interactions among co-existing deficiencies of vitamin A, iron ( 2 ), zinc ( 3 , 4 ) , riboflavin, folic acid, and vitamin B12, etc. ( 5 ) may also occur, which can exacerbate some of them.
IDD and VAD are more serious among preschool children in China ( 6 ) because their diets mainly consist of rice with low iron availability and without pre-formed vitamin A or pre-vitamin A. Our previous study ( 7 ) showed that the occurrence of VAD, marginal VAD and anemia in preschool children in a suburb of Chongqing, China was 7.7, 34.8 and 26.6% respectively. Both IDD and VAD often presented together. In order to improve the status of multiple micronutrient deficiencies (especially vitamin A and iron deficiencies), food fortification, supplementation and other means to increase micronutrient intake have been proposed. However, the use of high-dose single supplement only has minimum effects. The recommendation of improving dietary habits is not easily accepted. Therefore, the use of fortified food with multiple micronutrients may represent one of the most effective methods in developed countries (8) (9) (10) . In fact, several fortification methods have been developed in China, whereas no foods fortified with multiple micronutrients are currently available ( 11 ) .
In 2003, we administered cakes and biscuits fortified with niacin, iron, and vitamins B1, B2, and A (100% recommended daily allowances) to preschool children for several months and showed that the micronutrient levels of most of the students were significantly improved (data not shown). Nevertheless, the homemade fortified foods exhibited several challenges includ-ing uniform nutrient distribution, product stability and the maintenance of a high hygienic standard. Thus, there is an urgent need to overcome these challenges when the micronutrients are introduced into the fortified foods. Along these lines, a seasoning powder fortified with iodine, vitamin A and iron, made to be served with instant noodles, was developed in Thailand in 1995. The organoleptic acceptability, shelf life, and stability of this product were tested and confirmed ( 12 ) . This fortified seasoning has been marketed in Thailand since 1996. However, it does not include many important micronutrients and its efficacy has not been tested in China. In this report, we conducted a randomized and controlled study to investigate the efficacy of a seasoning powder fortified with iron, zinc, calcium, niacin, folate, and vitamins B1, B2, and A ("7 ϩ 1" plan) on improving biochemical micronutrient indices, growth and developmental status of preschool children aged 2-6 y in a suburb of Chongqing, China. We expect that the seasoning powder fortified with the above-mentioned micronutrients used once daily over 6 mo could effectively correct the vitamin A and iron deficiencies and growth of preschool children. The line of important information should aid future efforts towards developing a safe and effective fortified food in order to prevent iron, vitamin A and other essential micronutrient deficiencies among large populations.
MATERIALS AND METHODS
Subjects and ethical approval. The enrollment and research plan were reviewed and approved by the institutional ethical committee of the Children's Hospital of Chongqing Medical University in Chongqing, China. This supplementation program was carried out in Banan District of Chongqing, China from December 2005 to June 2006. The Banan District is a suburb of Chongqing with a middle class of socioeconomic status, and was previously investigated for child nutrition supported by SIGHT AND LIFE International Vitamin A Research Foundation. The primary outcome for the present study was the hemoglobin (Hb) level. A sample size of about 30 preschool children per group was required to detect an absolute change of 10 g/L of Hb standard deviation of difference after supplementation with 90% power and ␣ ϭ 0.05 for a two-sided paired ttest. To allow for attrition over the duration of the study, we initially managed to recruit about 100 children per group. However, the primary outcome measures including analyses of micronutrient status of blood and anthropometric indices before and after supplementation were obtained from 226 preschool children, due to the unexpectedly high dropout rate for involvement in the present trial.
More than 300 preschool children aged 2-6 y were randomly recruited from 15 nurseries or kindergartens in this region. The eligibility criteria for participation were as follows: 1) apparent health; 2) Hb concentration Ն 60 g/L; 3) C-reaction protein (CRP) Ͻ 10 mg/L; 4) parental or guardian approval of participation in all aspects of the study; and 5) parental/guardian agreement to avoid the additional use of vitamin and mineral supplements during the investigation. Children with evidence of recent acute or chronic illnesses and/or Hb Ͻ 60 g/L were not included in the study and referred to the local medical center for treatment. Two of the authors explained the objectives and procedures of the study to the parents/guardians of the enrolled children, and the informed written consent was obtained from parents/guardians. Participation was voluntary and participants were allowed to withdraw from the study at any time.
Intervention. This study employed a fortified seasoning powder directly added to porridge, soy milk, soup or noodles after cooking. The powders using maltodextrin as filler were indistinguishable in taste, color, and packaging, except for coded numerical labeling. Each serving of the fortified seasoning powder provided 100% Recommended Daily Intake (set by Chinese Nutrition Society). Package I contained powder with vitamin A (500 g as dry vitamin A acetate) supplements, and package II had vitamin A and iron (12 mg as ferric sodium edentate). Package III contained powder with supplements of vitamin A, iron, thiamine (0.7 mg as thiamine mononitrate), riboflavin (0.7 mg), folic acid (0.2 mg), niacinamide (7 mg), zinc (12 mg as zinc oxide) and calcium (800 mg as calcium carbonate). The premixed powders mentioned above were provided by DSM Company (Shanghai, China) (Premix Code: VR01933231).
The study was designed as a double blind, randomized trial. With the help of child health care workers, the children in each nursery were randomly recruited into three groups: group I, group II and group III, which were given fortified seasoning powder package I, package II and package III respectively for 6 mo. Food prepared with seasoning powder was delivered to each child at lunchtime or afternoon snack time, 5 d/wk during the study period. The chefs in nurseries received additional training about preparing the foods with different fortified seasoning powders. The enrolled children received their respective foods under the supervision of the caregivers in designated groups (''I'', ''II'' or "III"). Compliance was monitored using recording tables, in which teachers recorded whether the child consumed ''all'' or ''none'' of the food. The total weight of one pouch of the seasoning powder with good solubility characteristics was no more than 2.5 g and only a little porridge, soy milk or soup was needed to dissolve them. All of the powder was filled with maltodextrin. This formulation made the powder taste slightly sweet, along with its small package size, rendering the food easily acceptable by the children. If a child was absent or rejected the food, the amount eaten was recorded as ''none''. The investigators, food preparers, teachers, outcome assessors, and children were not made aware of the intervention assignment for the duration of the study. Assignments were made known only after data analysis was completed.
Blood samples and biochemical measurement or assessment. At the beginning and end of the 6-mo period, two blood samples (about 3 mL) were collected by venepuncture of an antecubital vein from each subject before breakfast. One milliliter was drawn into a container with heparin to measure Hb by the hemiglobincyanide method ( 13 ) (MAKER, China). The inter-assay variation was Յ 5% and the intra-assay variation was Յ 10%. The remaining blood was centrifuged at 3,000 ϫ g for 5 min at room temperature. The blood samples were immediately stored at 4˚C to prevent microhemolysis and separated within 5 h. The centrifuged serum samples were divided into aliquots and immediately transported to the laboratory and stored at Ϫ 20˚C. The serum samples prepared for retinol measurement were protected from light. The concentrations of serum ferritin (SF) ( 14 ) and serum retinol binding protein (RBP) ( 15 ) were measured using an enzymelinked immunosorbent assay with commercial ELISAkits (Sunbiote, China). The accuracy of the ELISA method for SF and RBP was monitored in each batch by including control samples of low and high concentrations. Interbatch precision with use of these controls was Ͻ 8% for both. CRP was measured by particleenhanced immunoturbidimetry ( 16 ) (Orion Corporation Orion Diagnostica, Finland, Cat No. 67274.) The accuracy and precision of CRP analysis were checked by analyzing pooled plasma samples and controls (low, medium, and high, n ϭ 20). The inter-assay CV was 4.6, 2.2 and 2.0% at 20, 79 and 147 mg/L respectively, and the intra-assay CV was 3.2, 2.8 and 1.1% at 24, 77 and 145 mg/L respectively.
Serum retinol concentration was determined by using high-performance liquid chromatography (HPLC) following the method of Miller and Yang with slight modification ( 17 ) . Briefly, retinol was extracted with hexane after deproteinization with ethanol containing retinyl acetate as the external standard, and evaporated to dryness with nitrogen gas. The residual materials were dissolved in 0.1 mL methanol. A portion (20 L) of the sample was injected into the column (Symmetry Shield RP l8 3.9 ϫ 150 mm) installed with the HPLC apparatus (Waters 1525 Binary HPLC Pump, Waters Breeze, USA). All procedures were performed in a dark room to protect the serum from the light. The mobile phase was a methanol-DH 2 O mixture (95 : 5). Concentration of retinol was determined by spectrophotometer (Waters 2487 Dual Absorbance Dector, Waters Breeze) at 315 nm. Duplicate analyses were performed on one-tenth of the samples and the estimated variability was 0.02 mol/L. Three control serum samples with low (0.70 mol/L), medium (1.40 mol/L) and high (2.79 mol/L) concentrations of serum retinol were supplemented with retinol standard solution (Sigma, USA) in the pooled serum. The between-day CV for low, medium and high concentration was 5.68, 3.16 and 1.85% respectively. The experienced examiners in the Pediatric Laboratory of Chongqing Medical University measured all the biochemical indices.
Anthropometric measurements. Anthropometric examinations in each nursery were conducted by the same trained anthropometrist (a total of three) from the Chongqing Children's Hospital at baseline and followup (6 mo) time points using standardized techniques to eliminate intra-examiner error. Duplicate measurements were performed for all of the participants. The inter-examiner CV of weight and height for each examiner in group I, II and III were less than 5%. Weight was recorded using a weighing scale (100Med, China) to the nearest 100 g with subjects in minimum clothing and bare feet. Similarly, height (more than 3 y old)/length (less than 3 y) was measured in the standard position by the same standing scale (100Med) or supine position by supine scale (Haode, China) to the nearest 0.1 cm. By using reference data from the USA National Center for Health Statistics-WHO (2005), the Z-scores were calculated for height-for-age, weight-for-height, and weight-for-age. A cut-off of less than minus two standard deviations ( Ϫ 2SD) was used to define stunting [height-for-age (HA)], wasting [weight-for-height (WH)], and underweight [weight-for-age (WA)], while a cut-off of more than plus two standard deviations ( ϩ 2SD) was used to define obesity (WH) and overweight (WA) ( 18 ) . All indices were computed using the ANTHRO software (Anthro 2005 PC) recommended by WHO (http://www.who.int/childgrowth/software/en/).
Definition of outcomes. The prevalence of deficiency for some biochemical indices was expressed as the percentage of preschool children below the cutoff value. Prevalence of anemia was determined according to WHO criteria, i.e. Hb Ͻ 110 g/L for 5 mo Ϫ 6 y olds and Hb Ͻ 115 g/L for 6-11 y olds ( 19 ) . The concentration of Hb between 90-110 g/L are defined as mild anemia, between 60-90 g/L as moderate anemia, and Ͻ 60 g/L as severe anemia ( 19 ) . Based on a multiple criteria model, abnormal iron status was defined when abnormal results were found for one or more of two tests: SF and erythrocyte protoporphyrin (EP). SF Ͻ 12 g/L and/or EP Ͼ 7 g/L were considered iron deficiency ( 20 ) . Iron-deficiency anemia was defined as iron deficiency concurrent with anemia. According to WHO criteria, a serum retinol concentration of Ͻ 0.7 mol/L was classified as vitamin A deficiency (VAD) and values between 0.70-1.05 mol/L were defined marginal vitamin A deficiency (MVAD) ( 21 ) . Moreover, CRP levels of Ͼ 10 mg/L indicated infection or inflammation, as recommended by the manufacturer (Roche Diagnostics).
Statistical analysis. Using the Kormogorov-Smirnov goodness-of-fit test, the distribution of each set of data was tested for normality prior to analysis. Where necessary, data were normalized using natural-log transformations. Data were presented as mean, standard deviation (SD) and median. Tests of significance were twotailed and p Ͻ 0.05 was considered statistically significant. Paired Student's t tests were used to compare paired data with normal distribution and homogeneous variance in the before-after intervention pairs of each treatment group while the paired Wilcoxon sign-rank test was used for non-normally distributed data. In order to compare the different effects among the three interventions, we performed multiple comparisons of the changes of parameters over the 6 mo of interven-tion ( p Ͻ 0.05 set for statistical significance) with the Student-Newman-Keuls (SNK) test (normal and homogeneous data) or SNK rank test (non-normal data). For the SNK test or SNK rank test, the SNK grouping letters are provided.
RESULTS
A total of 318 preschool children from 3 different nurseries were randomly selected to participate. Among the children, about 20 were excluded (4 for Hb Ͻ 60 g/ L, 15 for CRP Ͼ 10 mg/L and 11 for parents refusing permission), and 282 children met the study inclusion criteria (85 for group I, 96 for group II and 101 for group III). About 20% (56/282) dropped out during the course of the study. The dropout number for each group was 24 (4 for blood drawing failure and 20 for moving during trial) for group I, 25 (4 for blood drawing failure and 21 for moving during trial) for group II and 7 (1 for blood drawing failure and 6 for moving during trial) for group III. Thus, primary outcome measures including analyses of micronutrient status of blood and anthropometric indices were obtained from 226 preschool children (61, 71 and 94 from groups I, II and III, respectively). Retrospective data documenting daily by caregivers indicated about 95% compliance, indicating that at least 95% of the preschool children took the seasoning powder daily during the study period.
The age range of children (mean Ϯ SD) in the study was 4.0 Ϯ 0.85 y. Approximately 51% of the children were female. For each group, the age (mean Ϯ SD) and the ratio of boys to girls were 4.2 Ϯ 0.788 y and 30 to 31, 3.9 Ϯ 0.723 y and 32 to 39, and 4.0 Ϯ 0.908 y and 50 to 44 in group I, II and III respectively. Of all children in the study, the prevalence of being stunted, underweight, overweight, wasted and obese were 6.32 The concentrations of Hb, SF, retinol and RBP at baseline and at the end of the study, as well as the change over 6 mo of intervention are summarized in Table 1 . The concentration of Hb increased significantly ( p Ͻ 0.001) within each treatment group over the 6 mo, while there were no significant differences between the groups (see Table 3 ). The concentration of ferritin also decreased significantly in each treatment group over the intervention period ( p Ͻ 0.01; Table 1 ) and also significantly differed between groups ( p Ͻ 0.05; Table 3 ). The decrease in serum ferritin concentration in group I was less significant than in groups II and III ( p Ͻ 0.05), which did not differ between groups II and III. Compared to baseline, the concentration of RBP decreased significantly in group I ( p ϭ 0.005) and increased in group III ( p Ͻ 0.001) over the 6 mo of intervention while a trend to increase RBP levels was seen in group II ( p ϭ 0.052; Table 1 ). There were significant changes in RBP among the three treatment groups (Table 1) with the largest changes in RBP levels seen in group III ( p Ͻ 0.05) and the smallest in group I ( p Ͻ 0.05) for which a negative value was obtained. After the intervention, the concentrations of serum retinol in groups II and III were markedly increased (both pϽ0.01 compared to baseline) but were unchanged in group I (pϭ0.610; Table 1 ). As shown in Table 3 , the StudentNewman-Keuls test for multiple comparisons of the changed serum retinol concentrations among the three groups showed that the change in group III was significant when compared with groups I and II (Table 3) . The anthropometric indices (expressed as Z-scores at baseline), final measures and changes from baseline over the intervention period are presented in Table 2 . The HA was shown to increase in all groups (pϽ0.01). The WA increased during the 6 mo in groups I and III (pϽ0.001), whereas the WH only significantly increased in group I (pϽ0.001) but not in group III (pϭ0.369). The HA increase in group III was significantly higher than that of the other two groups (both pϽ0.05; Table 3 ) while groups I and II did not differ (pϾ0.05). The WA increased to a similar degree in both groups I and III, which was higher than that of group II (pϽ0.05). Finally, the increase in WH showed the highest value in group I (pϽ0.05) and the lowest in group II (pϽ0.001).
DISCUSSION

Effect of intervention on biomedical parameters
Our results have demonstrated that administering food fortified with multiple micronutrients to preschool children for 6 mo has beneficial effects on improving some biochemical and anthropometric outcome measures. After intervention, the concentration of hemoglobin was markedly increased in all three groups, regardless of the type of micronutrient supplementation they received. There were no significantly differences among the vitamin A alone, vitamin A plus iron and vitamin A with other micronutrients (iron, zinc, calcium, niacin, folate, vitamins B1 and B2) supplementation groups. The effect of vitamin A fortified seasoning powder on hemoglobin in the study may be due to the reported function of retinoid in the regulation of apoptosis, or programmed cell death in erythroid progenitor cells (22) . Supplementing the diet with vitamin A alone also significantly reduced anemia morbidity. The multiple micronutrient supplements would further protect from anemia due to the presence of riboflavin, vitamin B1, zinc and folic acid. However, the vitamin A with iron supplement did not additionally affect anemia morbidity in our study. This lack of a greater beneficial effect may be caused by minerals competing for the same receptors so that high doses of zinc may interfere with iron absorption, or vice versa (23) (24) (25) . Furthermore, iron as ferric sodium edetate and zinc as zinc oxide may be unstable in dry mixtures such as the seasoning powder. Nonetheless, the beneficial effects of zinc, iron and vitamin A to improve hemoglobin status (26) (27) (28) strongly suggest that the seasoning powder may be used as an effective, stable and safe vehicle for delivering vitamin A in a dry acetate formulation. The effects of dietary supplementation with micronutrients on the levels of ferritin, an indicator of iron stores, have conflicting reports in the literature. Our data show that all three different fortified seasoning powders all significantly decreased serum ferritin after 6 mo of supplementation, which contradicts some reports (29-32) but is consistent with others (2, 33, 34) . The decrease of ferritin after intervention may be attributed to vitamin A supplementation, based on the significantly greater change seen in both the multiple micronutrient supplementation and vitamin A plus iron groups, which could increase the greater mobilization of iron storage for hematopoiesis (35) . However, since iron treatment can improve iron storage (36, 37) , it is unclear how the similar effects on ferritin reduction were seen in the vitamin A plus iron and multiple micronutrient groups compared with the vitamin A alone group. One possibility is that vitamin A plus other micronutrients such as zinc, folate, riboflavin and vitamin B1 could mobilize the use of iron from storage tissue. Moreover, considering the effect of iron treatment on the improvement of iron storage, the reduction of ferritin in the vitamin A plus iron group should have been the smallest but this was not observed in the present study. On the other hand, the instability of iron as ferric sodium edetate in dry powders might be a possible explanation, and limited monitors were used for evaluating the metabolic status of iron. The general evaluation with serum transferrin receptor may preferably reflect the actual effect of the intervention. Although the mobilization of iron storage was more apparent in both the vitamin A plus iron and vitamin A plus micronutrients groups, there was no significant increase of Hb in either group compared with the vitamin A alone group. This may be relevant to the relatively marked change of Hb in developing anemia with the comparison of ferritin.
Our results also show that adding other micronutrients to vitamin A further improved serum retinol and RBP levels. Serum retinol concentration was not significantly altered in the vitamin A alone group. However, when given in combination with iron and/or other micronutrients, the serum retinol concentration was markedly increased. Furthermore, supplementing with multiple micronutrients was the most effective method for improving both the retinol and RBP levels of preschool children. A low prevalence of vitamin A deficiency could account for the lack of effect of vitamin A alone in the present study. Our previous studies have demonstrated that fortification with vitamin A as a dry acetate in seasoning powder served with pre-cooked porridge, soy milk, soup or noodles had a significant, positive effect on biochemical nutritional indicators, which is contrary to the findings in other studies in which retinol palmitate can be unstable in dry matrices resulting in the absence of a treatment effect on serum retinol (38, 39) . No satisfactory explanation was reached to explain a significant reduction of serum RBP concentration in the vitamin A alone supplementation group. Considering the interaction of vitamin A and other micronutrients, such as zinc (40, 41) , the change of the expression of RBP mRNA was partially contributed to the results. Nevertheless, the inability to evaluate the zinc was due to limited analysis methods.
Effect of intervention on anthropometric measures
The results showed that compared to pre-treatment, linear growth was significantly increased for all of the preschool children in the three dietary supplement groups. However, administering multiple micronutrients did not change weight-for-height. Therefore the fortified foods not only prevented the deterioration of the anthropometric status but also improved it, an effect commonly observed in other studies (42, 43) , suggesting that seasoning powder fortified with different nutrients and served with various cooked foods can keep its stability and homogeneity, subsequently affecting preschool children's growth. Nevertheless, ambiguous results were obtained when comparing the effects among the different supplement groups. Our results show that vitamin A alone was the best treatment for improving the levels of the children's weight-for-age and weight-for-height and the multiple micronutrient supplement was the most effective for height-for-age and weight-for-age, while vitamin A plus iron was the least effective on these measures. Because the interactions between vitamin A and other micronutrients are unclear, it remains to further compare different intervention methods on the anthropometric status of preschool children. It is necessary to elucidate the role of vitamin A supplementation in physical growth and development of children in this region of China.
In the present study, the intervention protocol was generally well received and it is unlikely that the noncompliance and dropout rates comprised the outcomes. However, it was impossible to employ enough care workers to visit individual households to supervise seasoning powder consumption on a daily basis. The consumption information collected daily in nurseries by the workers was largely confirmed by the retrospective surveys collected at the end of the study. Nonetheless, the observed positive effects on plasma micronutrient levels and anthropometric status were consistent with the reported compliance rate of greater than 90%. The dropout rate in our study (20%) over the 6-mo intervention period was unexpectedly high, mainly because a portion of the enrolled children entered upper levels of schools. However, the preschool children who dropped out were not significantly different in terms of baseline characteristics from the rest of their groups (data not shown).
Our results, consistent with another report (39) , suggest several advantages for using fortified seasoning powder as a supplementary vehicle. First, for safety, convenience and sanitary purposes, it is packaged in a single serving size sachet to avoid potential overdose and to protect it from light, air, moisture and contamination in an effort to ensure long shelf life. Second, in our study, various different foods were administered with the seasoning powder to evaluate the availability of the supplements. Seasoning powder can be included in porridge, soy milk, soup or noodles without any additional cooking before consumption, thus avoiding losses due to thermal instability and/or leaching and also providing convenience and variety. Finally, the fortified powder is an ideal vehicle for incorporating the supplement into the preexisting lunch programs in nurseries without the use of costly social marketing campaigns.
Despite the advantages, there were some limitations for the current study. Based on our biochemical results, modifications of the amounts of some fortificants in the seasoning powder are required, particularly of iron ferric sodium edetate and zinc as zinc oxide, to account for the poor absorption in dry mixtures. The effects of fortified seasoning powder on anthropometric status need to be further investigated and protective packaging of the seasoning powder for bulk cooking must also be used. Furthermore, because of the limited design of the original protocol and the inadequate size of blood samples obtained from these preschool children, we did not evaluate the effect of the multiple micronutrient supplement on serum thiamine, riboflavin, niacin, folate, zinc, or calcium. Measuring these micronutrient levels will be an important addition in future studies. Moreover, further evaluation of the safety of supplementary vehicle and/or combination of other strategies should be performed prior to its large scale use in the children at high risk of multiple micronutrient deficiencies. There was no overdose response report, especially for vitamin A, because of all participants went without additional use of vitamin and mineral supplements during the present investigation.
In summary, our results indicate that micronutrient fortified seasoning powder served once daily in doses complying with 100% of the recommended daily allowances for 6 mo could improve levels of hemoglobin, serum retinol, and RBP, as well as promoting mobilization of iron storage in preschool children in a suburb of Chongqing, China. Our data may be applicable to other preschool children living in similar socioeconomic districts. Further investigations should be conducted to assess whether provision of the fortified seasoning powder in the existing lunch programs in nurseries in southwestern China is a cost-effective and safe public health strategy to manage the multiple micronutrient deficiencies.
